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1. Introduction

At the Sorrento Meeting, RAN1 agreed on the basic multiplexing method for the PUCCH of ACK/NACK [1] 

 REF _Ref169347360 \r \h 
[2] . The combination of 12-length CAZAC sequence and orthogonal covering scheme is employed as the user multiplexing scheme [3] . At the Orlando meeting, following way forward was agreed.

For the PUCCH, the cyclic shift hopping period should be per symbol (DM RS, ACK/NAK, CQI)
But the exact cyclic shift hopping patterns are FFS. Regarding the cyclic shift hopping patterns, there are two alternatives. One is "cell specific" cyclic shift hopping and the other is "UE specific" cyclic shift hopping.
Regarding "UE specific" cyclic shift hopping, we have concerns about not only the complexity but also the performance degradation because orthogonal coverings would be distorted. In this contribution, we discuss and evaluate the pros and cons of the "UE specific" cyclic shift hopping and "Cell specific" cyclic shift hopping for ACK/NACK.
2. "Cell specific Hopping" and "UE specific Hopping"
Followings are pros and cons of "cell specific" cyclic shift hopping and "UE specific" cyclic shift hopping.
· Cell specific cyclic shift hopping
· All the UEs in the same cell have the same hopping patterns.

· Pros

· Simpler approach

· Smaller signaling overhead if explicit signaling for hopping pattern is employed

· Cons

· Intra-cell interference is not randomized

· UE specific cyclic shift hopping pattern

· Each UE in the cell has its own hopping pattern.
· Pros

· Intra-cell interference can be randomized

· Cons

· More complex than "Cell specific"
· Larger signaling overhead if explicit signaling for hopping pattern is employed
Although we think above pros and cons are common between DM RS for PUSCH and PUCCH, the situation for ACK/NACK signals would be slightly different because block-wise spreading codes are also employed. Since the time domain property of the 12-length CAZAC sequence for PUCCH is not pure "zero-autocorrelation", any signals spread by any CS values would interfere each other. Block-wise spreading codes would moderate such interference effects, but if "UE specific" cyclic shift hopping is applied, the block-wise spreading couldn’t suppress such interferences.
We explain the degradation of ACK/NACK#1 in Figure 1 as example
1. In Figure 1, the performance of ACK/NACK#1 channel is affected by the interference from ACK/NACK#2-ACK/NACK#18 since 12-length CAZAC sequences don’t have pure "zero-autocorrelation" properties in time domain.
2. Block-wise spreading code will suppress the interferences from ACK/NACK#7-ACK/NACK#18 for ACK/NACK#1.
3. But if "UE specific" cyclic shift hopping is employed, the effect of block-wise spreading code will disappear.
That’s the reason the performance of each case should be evaluated (i.e. "cell specific" cyclic shift hopping and "UE specific" cyclic shift hopping)
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Figure 1

An example of ACK/NACK resource allocation
3. Simulations
This section presents simulation settings and simulation results of the cyclic shift hopping for both "Cell specific" and "UE specific" cases.
3.1. Simulation Settings

Figure 2 shows an example of "UE specific" cyclic shift hopping and "cell specific" cyclic shift hopping. Based on the agreement in Orlando, we apply LB based cyclic shift hopping for both cases as shown in Figure 2. In the "UE specific" cyclic shift hopping, the UEs that use the same cyclic shift values hop together through TTI to avoid a strong interference from the signals that uses the same cyclic shift values.
Table 1 summarizes the simulation setting and Table 2 shows the resource allocation.
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Figure 2

Cell specific cyclic shift hopping and UE specific cyclic shift hopping
Table 1
Simulation conditions

	Parameter
	Value

	Number of ACK/NACK bits 
	2

	Channel  model
	AWGN

	Modulation 
	QPSK

	System bandwidth 
	5 MHz 

	ACK/NACK bandwidth 
	1RB (180kHz)

	Number of RX antennas 
	2

	Reference symbol positions 
	3rd, 4th and 5th LBs in a slot 

	ZC sequence index
	R = 3  (Same for ACK/NACK information and RS)

	ACK/NACK, RS generation method 
	Cyclic-extension

	Number of available cyclic-shift 
	12

	Cyclic shift separation method 
	Simple rectangular mask is used after IDFT in time domain

	Number of UEs
	18,  1

	Walsh sequence
	#1=(1,1,1,1), #2=(1,1,-1,-1), #3=(1,-1,-1,1)

	DFT sequence
	#1=(1,1,1), #2=(1,ej2π/3,ej4π/3), #3=(1,ej4π/3,ej8π/3)


Table 2

Resource allocation for UL ACK/NACK
	
	Block-wise spreading code for RS
	
	Block-wise spreading code for ACK/NACK data

	Cyclic shift within a LB
	(1,1,1)
	(1,ej2pi/3, ej4pi/3)
	(1, ej4pi/3, ej8pi/3)
	
	(1,1,1,1)
	(1,1,-1,-1)
	(1,-1,-1,1)
	(1,-1,1,-1)
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3.2. Simulation Results

Figure 3 shows the simulation results for "cell specific" cyclic shift hopping and "UE specific" cyclic shift hopping. We can see the performance degradation of "UE specific" cyclic shift hopping because the orthogonality of the block-wise spreading code is distorted.
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Figure 3

Performance of Cell-specific Cyclic Shift Hopping
4. Conclusion

In this contribution, we discussed pros and cons of "cell specific" cyclic shift hopping and "UE specific" cyclic shift hopping for UL ACK/NACK. From the simulation results, we found that the "UE specific" cyclic shift hopping would degrade the performance because a part of orthogonal-covering is distorted by hopping. 
Since "cell specific" cyclic shift hopping is simpler approach and doesn’t cause any performance degradation for the uplink ACK/NACK, we propose cyclic shift hopping shall be "cell specific" i.e. all the UEs in the same cell shall have the same CS hopping patterns.
Although the discussion focused on ACK/NACK only case, the same would be applied for the case that CQI and ACK/NACK coexist in the same PUCCH.
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